Abstract
Introduction
The open pit miming process requires regular surveys of the quarry wall face. The existing site data records can be used for effective quarry-mining operation and production planning as well as an initial assessment of quality and volumes of quarried material. However, the safety of site exploitation and land-use planning depends heavily on the quality of the available geotechnical records. The effectiveness of laser scanning for object geometry, including quarry assessment, is undisputable and well-researched (Maciaszek & Ćwiąkała, 2010; Ratcliffe & Myers, 2006; Toś et al. 2010) . Terrestrial laser scanning (TLS) is not time-consuming and is carried out remotely. TLS allows to create an accurate 3D model of a quarry wall before and after blasting operation. These geometric data can be used to calculate the volume of excavated material.
The composition of the quarry wall and therefore the quality of the quarry output is assessed through laboratory testing of numerous rock samples as well as geological in situ assessment. The aim of this study is to assess the potential use of laser scanning data for initial classification of limestone from the Czatkowice Limestone Quarry.
The data obtained by laser scanning includes point cloud, colour data recorded by built-in RGB camera and intensity of laser beam reflection (I). The RGB bands can be used for rock classification within the quarry wall. However, such classification, based solely on the visible bands from RGB camera, typically does not give expected results. The use of the intensity of laser beam reflection as spectral band is difficult, as it depends on several factors: − surface characteristic, as has been shown in (Voegtle et al. 2006 ) (Toś, 2013 ) − the angle of laser beam incidence on the surface, (Soudarissanane et al. 2005 ) − scanning distance, (Hoefle & Pfeifer, 2007 ) − surface irregularities, etc (Pesci & Teza, 2008 ) − moisture of the objects surface (Franceschi et al. 2009 ), Moreover, recorded intensity is often optimized only for visualisation purposes (Franceschi et al. 2009) Despite these factors, I value contains information that can be used for rock classification. However, rock classification is possible only when significant reflectance coefficient variations occur. Therefore, this study compares scanning results obtained for various wavelength ranges with spectrometric observations.
Research Objectives and Methodology
The basis of this research was the spectrometric analysis of rock samples from the Czatkowice Limestone Quarry. Collected and classified samples were analysed using spectrometer FieldSpec PRO, in a measuring 0.35÷2.50 μm wavelength range. Spectrometric examination was performed in laboratory conditions. Figure 1 shows spectral curves for dry samples, studied at the natural fraction. The curves show the average for 15 measurements of reflectance coefficients at specific wavelengths.
The rock samples were also scanned using the following scanners: − Topcon GLS 1500 -pulse-based scanner, wavelength 1535 nm (Shortwavelength infrared SWIR) (http://www.topconpositioning.com/products/scanning/gls-1500), − Faro -phase-based scanner, wavelength 905 nm (near-infrared NIR) (http://www2.faro.com/site/resources/share/944), − Leica C10 -pulse-based scanner, wavelength 532 nm (Green in visible range) (http://www.laserscanning-europe.com/en/leica-laser-scanner-p15-c10-p20-hds6100-hds4400). The spectrometric analysis results demonstrate that within the rocks found in the Czatkowice Limestone Quarry: − no significant differences exist in the coefficient of reflectance recorded for limestone, dolomitic limestone and silica limestone (samples 1/1, 3/2 and 4/2) (Figure1), − bituminous limestone (samples 3/1 and 4/1) have low coefficient of reflectance in the entire band of visible (VIS) and NIR range, therefore they can be easily separated, − limestone residual (samples 2/1 and 5) and calcite (k) can be separated by using suitable NIR and SWIR bands. In addition, the spectral curves observed for the samples in Figure. 2, indicate the wavelength bands for which the reflectance coefficient vary. Scan data obtained from scanners operating in these wavelength bands is expected to give better classification results compare to other scanners. To determine water influence on the spectral curves additional analyses of wet rock samples were carried out. Reflectance curves in Figure 3 show significant spectral instabilities due to water absorption bands. The spectral instabilities make the rock classification very difficult. The water influence on the reflectance coefficient is clearly related to the porosity of rock. For low-porosity rock (calcite), that effect is limited to strong water-related absorption peaks (1400-1600 nm) and (1800-2100). For high-porosity rock (sandstone), that effect is marked in the entire range (350-2500 nm). As a result, eight dry samples were scanned form the distance of 30m with resolution of about 4 mm, using 3 types of scanners. Scan resolutions were the same as the smalest laser spot size in the scanners used. The samples with sizes ranging from 15x20 cm. to 25x35 cm. were placed with the natural surface positioned perpendicularly to the scanner to reduce the influence of beam incidence angle. From 1000 to 5000 points were recorded for each sample. Complete set of laser scanning data was recorded including point coordinates, colours RGB and intensity of the laser beam reflection (I).
The data processing consisted of: − compilation of intensity histograms and its comparison with spectral curves; − identification of separability of pairwise of rock classes signatures for RGB and RGBI bands, which are crucial for accurate rock classification; − completion of supervised classification of I, RGB and RGBI bands and assessment of its accuracy.
Intensity values (I) and Spectral Curves Comparison
The scan data was used to produce laser beam intensity histograms for each rock sample. Due to different scan data formats, intensity values were calculated in relation to the minimum and maximum value recorded in point cloud (as shown in Żaczek-Peplińska &. Falaciński, 2011) . Figure 4 shows intensity histograms (I) recorded with TOPCON GLS 1500 scanner for each rock sample. The scan results are characterized by high variance which has a negative effect on the research. However, the high variance is partially due to influence of beam incidence angle, as most graphs are asymmetric. Standard deviation varies between: − from 0.04 to 0.17 (entire range of intensity value) for Topcon, − from 0.03 to 0.09, for Faro, − from 0.02 do 0.09 for Leica. The I values recorded for each sample were compared with the spectrometric analysis results. Figure 5 show correlation between average values of the reflectance coefficient and the intensity (I). This research demonstrates an important correlation of the spectral curves with the scan data obtained using GLS 1500 (coefficient of determination of 0.65). Calcite is an exception. Calcite is a coarse-grained rock, partially transparent, therefore causing a significant laser beam dispersion and refraction. The coefficient of determination of 0.51 for Faro scanner also indicates a significant correlation. The scan data obtained with C10 scanner is not correlated with the spectral curves. This is most likely due low differentiation of the reflectance coefficient for 532 nm wavelength as well as high variation of the I value .
Separability Analysis of Rock-type Classes
Separability of pairwise of class signatures was calculated using software originally developed for 2D image analysis. Therefore, it was necessary to convert point cloud into 2D image. Typical projective transformation could distort brightness interpolation of pixel value. Therefore, points were arranged in uniform grid (Figure 6 ). There was a simple transformation:
where row and column was computed from the point number (No) and size of a new image, and pixel value was equal to one of R,G,B or I value. Eight classes corresponding with the particular sample were identified on the prepared specimen images. For all pairwise classes, transformed divergence (TD) was calculated as a separability measure (Richards, 1993) for RGB and RGBI bands. Transformed divergence calculated using formula (2) scores from 0 to 2000. Transformed divergence scores in excess of 1600 indicate good separability (Richards, 1993) .
, C is the covariance matrix and m is the vector of mean values. The TD values shown in Table 1 , indicates that the introduction of intensity of laser beam reflection band improves separability of pairwise class for all scanners. As expected, scanner operating in green band provides the poorest results. Scanner FARO with laser in NIR band and scanner GLS1500 with laser in SWIR band have better capabilities of rock classification in the Czatkowice Limestone Quarry. Remarkable results were achieved with FARO scanner, showing good separability of
(2) pairwise class even in RGB bands. Surprising is the fact that the cheapest scanner have the best camera. Thorough analysis of the separability coefficients confirms compatibility of the scan data with the spectral curves. For example, the highest separability of pairwise clacit-limestone residual is achieved with GLS1500 (TD value of 1971), whereas FARO and C10 proved incapable of dealing with this (TD value of 1078 and 1523 respectively).
Rock-type Classification
The rock-type classification for all rock samples was carried out for different wavebands (I, RGB and RGBI) using highest probability method MAXLIKE. Classification results were compared with the prepared specimen truth-images. Table  2 shows Kappa Index of Agreement (KIA) which determines the classification accuracy. KIA is a statistical measure of the significance of difference between an observed agreement of two classifications versus agreement due to random chance (Rosenfield & Fitzpatric-Lins, 1986) . The KIA ranges from 0 to 1. Zero means total agreement from the chance, 1 perfect agreement. The value 0.2665 could be considered as 26.65 percent better agreement than just by a random chance'.Classification completed for only one waveband (I) gives poor result. However, comparison of KIA for this classification allows practically assess the usefulness of each of the scanners. The use of all RGBI bands increases the accuracy of classification. However, the 70% effectiveness threshold was only achieved by FARO scanner. This is the minimum value to allow a semiautomatic classification. Analysis of the spectral curves and mineral composition of limestone samples makes it clear that differentiation between limestone, dolomitic or silica limestone is extremely difficult. This is caused by traces of dolomite and silica within limestone. In this situation the reasonable solution is to reduce the number of rock-types to four 4 main classes: − limestone (sample 1/1, 3/2 and 4/2), − bituminous limestone (sample 3/1 and 4/1), − calcite (sample K), − limestone residual (sample 2/1 and 5).
The classification in this case is significantly more accurate. Table 3 includes KIA values for classification carried out in RGBI wavebands. Figure 7 represents comparison of the prepared specimen images with results of classification carried out for the scan data from three scanners 
Discussion and conclusions:
This paper presents the results of the preliminary tests of the potential for rock identification in Czatkowice Limestone Quarry. The relevant scanning data from scanners operating at different wavelengths was compared. The tests were carried out in laboratory conditions. The samples being examined had nearly flat surfaces positioned perpendicularly in relation to the scanner. The scanning was performed from the same positions in identical light and moisture conditions. Scanning resolution was selected so as to enable examination of the entire sample surface. Therefore, the effect of interference was considerably reduced, thus making it possible to compare the equipments applied. Based on the results obtained, the following conclusions can be drawn:
1. An analysis made on the samples from the Czatkowice Limestone Quarry demonstrates that correlation exists between the spectrometric measurements and the recorded intensity of the laser beam reflection. It is not a strong correlation but it allows the choice of an optimal scanner. 2. Intensity of the laser beam reflection used as additional band improves the classification results. Significant improvement is achieved where the laser wavelength is in the range at which significant difference of reflectance coefficient of the studied objects occurs. For the Czatkowice Limestone Quarry these are NIR and SWIR bands. 3. Image quality is of significant importance for classification results. If the built-in camera has poor specification, it is advisable to use additional equipment.
4.
The I band from a TLS instrument, whose operation wavelength is in VIS range, cannot provide additional information about the object when the RGB image is used.
The above conclusions and scanner choice procedure presented can be used in any similar case. However, the detailed conclusions as to the effectiveness of rock classification cannot be generalized. Much depends on the mineral composition of limestone (amount of additions) and the accompanying rocks.
In the case being studied, the effectiveness of limestone rock classification with the scan data can exceed 75%, if a suitable instrument is used. The results presented were obtained by laboratory testing without taking into account geometrical factors (e.g. acquisition distance) and environmental factors (e.g. light, moisture conditions). In field conditions, the scanning distance is variable and quarry wall is highly irregular. In this case, it is necessary to consider proper distance corrections and to reduce the influence of laser beam incidence angle. Such corrections can be calculated using geometric data from a cloud of points as reported by (Penasa et al. 2014) .
It is not necessary if a terrestrial hyperspectral camera is used. Then, the classification can be based on radiometric data without using the intensity band. The images from hyperspectral camera being classified are superimposed onto three dimensional models from terrestrial laser scanning (Buckley et al. 2013) . Using terrestrial hyperspectral cameras is a relatively new trend. More and more such devices can be purchased nowadays, e.g. HySpex camera (Norsk Elektro Optikk) or UHD (Cubert), which can register the entire solar electromagnetic region in narrow bands. The main drawback is a high cost of such devices.
Comparing the spectral curves shown in Figure 2 and Figure 3 , a significant influence of rock moisture on reflectance coefficients can be noted. Rock moisture reduces the reflectance, but it does not eliminate the differences between limestone, limestone residual and bituminous limestone in the range (350-2500 nm). In case of calcite, the difference grows even more. The exception are strong water-related absorption peaks (1400-1600 nm) and (1800-2100). The influence of water on reflectance is more significant in case of porous rock. Given the correlation existing between reflectance and intensity coefficients, similar effect of moisture on the value can be expected, which is acknowledged by (Franceschi et al. 2009 ). In view of the above, it seems important to choose the scanner which laser wavelength not fall within the ranges (1400-1600 nm) and (1800-2100).
The effect of light conditions was not studied in this paper and will be the subject of future works.
To conclude, the classification of rock can be performed based on the data recorded in identical conditions. This means that scanning data from two point clouds acquired under different environmental conditions cannot be directly compared. This is a limitation of the present method.
